Context. The Sun and solar-like stars undergo activity cycles for which the underlying mechanisms are not well understood. The oscillations of the Sun are known to vary with its activity cycle and these changes provide diagnostics on the conditions below the photosphere. Kepler has detected oscillations in hundreds of solar-like stars but as of yet, no widespread detection of signatures of magnetic activity cycles in the oscillation parameters of these stars have been reported. Aims. We analyse the photometric short cadence Kepler time series of a set of 24 solar-like stars, which were observed for at least 960 days each, with the aim to find signatures of stellar magnetic activity in the oscillation parameters. Methods. We analyse the temporal evolution of oscillation parameters by measuring mode frequency shifts, changes in the height of the p-mode envelope, as well as granulation time scales. Results. For 23 of the 24 investigated stars, we find significant frequency shifts in time. We present evidence for magnetic activity in six of them. We find that the amplitude of the frequency shifts decreases with stellar age and rotation period. For the most prominent example, KIC 8006161, we find that, similar to the solar case, frequency shifts are smallest for the lowest and largest for the highest p-mode frequencies. Conclusions. These findings show that magnetic activity can be routinely observed in the oscillation parameters for solar-like stars, which opens up the possibility to place the solar activity cycle in the context of other stars by asteroseismology.
Introduction
Understanding the solar dynamo, exactly how and where it operates within the Sun, is a major open task in modern astrophysics. Helio-and asteroseismology are outstanding tools to probe the interiors of the Sun and other stars. The vast amount of data which has become available thanks to satellite missions like CoRoT (Baglin et al. 2006; Auvergne et al. 2009 ) and Kepler Koch et al. 2010 ) enables us to investigate stellar cycles for a wide range of stellar types. By putting the Sun and its magnetic activity cycle into context to similar stars, we can widen our perspective on the basic processes at work in dynamos in different physical environments and may be able to decide between opposing dynamo theories.
The better part of known activity cycles of main-sequence stars was detected from Mount Wilson Observatory (Wilson 1978; Baliunas et al. 1995) . Their measurements of fluxes in the line cores of Ca II H and K, which can be used as proxies for stellar activity (Hall 2008 , and references therein), suggest a relation between the age, the rotation, and the activity of stars. For a subset of solar-type stars Baliunas et al. (1995) found that younger stars exhibit higher average levels of activity and rapid rotation rates, while older stars with a slower rotation usually have cycles with lower levels of magnetic activity. A relation of this kind was already proposed by Skumanich (1972) , who found that stellar Ca II emissions decay as the inverse square root of the age. Brandenburg et al. (1998) and Saar & Brandenburg (1999) made an empirical classification of stars from the Mount Wilson Observatory sample in a rotation-activity scheme. They found that most stars fall into one of three distinct branches when examining the ratio of cycle and rotation periods as a function of chromospheric activity. Karoff et al. (2013) used ground-based observations in combination with data from the Kepler satellite to test age-rotation-activity relations.
Helioseismology found that the frequencies of solar acoustic oscillations (p modes) are positively correlated with solar magnetic activity (e.g. Woodard & Noyes 1985; Libbrecht & Woodard 1990; Jimenez-Reyes et al. 1998) , whereas mode amplitudes are anti-correlated with it (e.g. Pallé et al. 1990; Komm et al. 2000; Broomhall et al. 2015) . Activity related frequency shifts are larger for modes of higher frequency (Jimenez-Reyes et al. 1998) , because these modes have their maximum sensitivity to structural changes in the solar interior in shallower layers than modes of low frequency . This was recently used by Salabert et al. (2015) to study the change of sub-surface solar activity as a function of time and for different depths.
In an analysis of photometric data of the CoRoT satellite, García et al. (2010) found evidence for an activity cycle with P cyc > 120 d in the F5V star HD 49933. They found shifts in the frequencies of the star's p modes which showed a cycle-like behaviour and, in addition, changes in mode amplitudes which were anti-correlated to the frequency shifts. Later, Salabert et al. (2011) found the frequency shifts of HD 49933 to be dependent on mode frequency. The Kepler satellite produced a huge data set on solar-like stars with asteroseismic import, which shows A&A proofs: manuscript no. Paper_activity_and_oscillation_parameters great promise for many more detections of the kind García et al. made. Vida et al. (2014) found hints of cyclic activity in the Kepler data of nine fast-rotating late-type stars. Recently, Salabert et al. (2016b) investigated Kepler and spectroscopic data from the young solar analog KIC 10644253. They found variability in the p-mode frequencies of this star with a modulation of about 1.5 years.
In this paper, we describe our efforts to find signatures of stellar magnetic activity in the oscillation parameters of solarlike stars, focussing on the shifts of p-mode frequencies and the variation of the height of the p-mode envelope. In Sec. 2 we describe our approach to measure these quantities and to estimate the errors on them. Sec. 3 is dedicated to a presentation of the results and a more detailed discussion of two stars from our sample. Sec. 4 gives a conclusion of our findings.
Methodology

Data and computation of periodograms
We analysed Kepler data from 24 stars, which were observed in the satellite's short cadence mode. Only data from the Kepler data release 25 was used in this work. In this data release, the scrambling of the short-cadence collateral smear data, which was reported in the Global Erratum for Kepler Q0-Q17 & K2 C0-C5 Short-Cadence Data, and the Dynablack calibration problem, which was reported in the Data Release 24 Notes Q0-Q17 Erratum, are corrected. These 24 stars were selected because they are known to exhibit solar like oscillations (e.g. Mathur et al. 2012; Appourchaux et al. 2012; Huber et al. 2013) and are known to be similar to the Sun regarding fundamental parameters like mass, radius, and effective temperature (cf. Table A.1 and Table A .2 and references therein). No strict criteria were applied to define this special sample of stars. It is therefore just a first assessment of the variability of stellar p mode parameters in the Kepler short cadence sample. The full set of stars, which were observed in Kepler's short cadence mode over extended periods of time, is considerably larger and is a worthwhile subject for future investigation.
The coverage of data for these stars ranges from 10 to 13 Kepler quarters of observation (960 to 1147 days). A list of the Kepler input catalogue (KIC) numbers of the stars and the available quarters of data is given in the first two columns of Table 1 . Missing quarters are listed in a footnote to Table 1 . The third column gives the number of days the data for each star spans, counting from the first day of observation to the last. The light curves were cleaned of jumps, drifts, and outliers similar to the method described by García et al. (2011) .
To investigate the temporal variation of p-mode parameters, the time series were divided into consecutive, overlapping segments of equal length. To compromise between frequency resolution and number of independent segments, we chose a typical length of 150 days for the segments. From one segment to the next, the starting point was shifted by 50 days, resulting in a three time overlap for 150 days long segments. If the errors on the eventually measured frequency shifts allowed a decrease in segment length and hence frequency resolution of the periodograms, we reduced it to 100 days. The shift of the starting point remained at 50 days, resulting in a two time overlap. The lengths of the segments are given in the fourth column of Table 1 .
Since the time series are slightly unevenly sampled and are affected by observational gaps, we used the Lomb-Scargle method (Lomb 1976; Scargle 1982) in the fast implementation of Press (2007) to calculate the periodograms (LS-periodogram).
The resulting periodograms are scaled to comply with Parseval's theorem.
The observational gaps lead to spectral leakage of mode power. To study the effect of the gaps in the Kepler time series on our analysis, we used the inpainting software of Pires et al. (2015) to fill gaps up to a length of 20 days (García et al. 2014b ). For none of our targets did the high frequency noise level decrease significantly. Also, the results described in the subsequent sections, frequency shifts and mode heights, do not change in a way that would make necessary the inpainting of the time series. This is because the Kepler gap structure does not have a large effect on the periodograms of solar-like stars as long as the stars are no fast rotators (García et al. 2014b ) and the periodograms are computed from time series segments with a length of only 100 or 150 days.
To get the same frequency axis for the LS-periodogram of each data segment of a given star, the LS-periodograms were interpolated onto the frequency grid of the segment with the lowest fill factor. This way, the LS-periodograms can later be correlated with each other. The minimum fill factor of segments was set to 50%. Thereby, we ensured a reasonable frequency resolution for the LS-periodograms of all the segments of a star. In Fig. 1 , the 0.81 µHz (7 bins) boxcar smoothed segments between 3570−3610 µHz of the LS-periodograms of the first and the nineteenth segment of the time series of KIC 8006161 are shown in black and red colour, respectively. Even by visual inspection of the peak at ∼3590 µHz, a shift towards higher frequency can be spotted for the red peak.
Measuring the frequency shifts
The first segment of each star was used as the reference for defining zero frequency shift. Due to this, the level of zero frequency shift can be at any level of a stellar activity cycle, e.g. its maximum. We computed the shift relative to the reference segment by calculation of the cross-correlation of that frequency range of the LS-periodograms which contains the p modes and fitting a Lorentzian to the cross-correlation. We selected this frequency range by visually determining the lower and upper boundaries between which p-mode peaks can be spotted in the smoothed LS-periodogram of the entire time series of each star (see last column of Table 1) . Recently, a cross-correlation technique for measuring mode frequency shifts was presented by Régulo et al. (2016) . Their method to measure the frequency shifts is very similar to the approach presented here. However, our approach to estimate the error on the frequency shifts, which is described in the following section, is different in several aspects from that of Régulo et al. (2016) .
In the top panel of Fig. 2 , the part between ±5 µHz of the cross-correlation between the p-mode region of two realisations (see Sect. 2.2.1) of the first segment of KIC 8006161 is shown in black. The Lorentzian fit to the data is shown as a continuous red curve. The dotted black line marks zero frequency lag, the dashed red line marks the center of the fitted Lorentzian. The bottom panel of Fig. 2 depicts the same as the top panel, but for the cross-correlation between the first and the nineteenth segment of the time series from KIC 8006161. Here, the maximum of the cross-correlation is clearly shifted towards positive values. Peaks of stochastically excited solar and stellar p-mode oscillations appear to be of Lorentzian shape. The Lorentzian is invariant under convolution with a Lorentzian, hence the crosscorrelation of two of them can be fitted with a Lorentzian. In our analysis we used a symmetric Lorentzian profile. We found that the extra parameter introduced by a skewness does not decrease the error on the frequency shift or increase the stability of the fits.
Resampling approach
Since the correlation structure of the estimated cross-correlation function depends on the true unknown cross-and autocorrelation function in a complicated manner, we use a resampling approach to estimate the error on the frequency shift (see Bartlett (1978) and e.g. Chaplin et al. (2007b) ). We generate a sample of new LS-periodograms, which follow the statistical properties of the original periodogram, and from which we compute the sample mean and sample error. In our resampling approach we neglect effects from uneven sampling, since it is small for Kepler data. The largest effects on our analysis are assumed to result from gaps in the data. For each data segment i, we draw B = 200 complex random series F * i (ν k ) for {±ν k } k=1,...,N from a zero mean normal distribution N(0, 1) weighted by the estimated spectral powerŜ i (ν k ), such that:
and
For ν = 0, we set F * i (ν = 0) = 0, reflecting a zero mean time series. An estimateŜ i of the true unknown spectral density S i is obtained by smoothing the LS-periodogram with a boxcar window. The width of the boxcar varies from star to star, ranging from 0.38-1.52 µHz (5-12 bins). We chose the width of the boxcar depending on the frequency resolution of the periodograms and the width of the p modes of each individual star. The complex random series {F * i (ν k )} i may be considered as realisations of Fourier transforms that would be obtained in the ideal case of evenly sampled data without observational gaps but with the same spectral density underlying the respective original data. Note that the real and the imaginary part of {F * i (ν k )} are by construction independent of each other and with respect to ν k . In order to take into account the effect of gaps in the original data, we generate new time series {x * i (t k )} on an evenly sampled grid {t n } n=1,··· ,N by the inverse Fourier transform of {F * i (ν k )}. The grid in time approximates the one for the original data. Data points at the respective grid points with observation gaps are removed. These new time series {x * i (t n )} are treated as described above to compute frequency shifts from the cross-correlation function of LS-periodograms. We further note that these resampled time series have no physical meaning, since the phases between realand imaginary part of the Fourier transforms are random. However, the described procedure conserves the linear spectral properties of the original data.
We emphasise that the LS-periodogram is computed with oversampling factor 1. In case of evenly sampled data without gaps, the LS-periodogram is then equivalent to the classical Fourier based periodogram and follows the same statistical distribution (Scargle 1982 ). An oversampling factor greater than 1 corresponds to an interpolation of the periodogram along frequency bins and gives correlated values at adjacent frequency bins. In this study, we aim to suppress such additional correlations since they lead to an unwanted complex correlation structure in the error analysis and result in a systematic underestimation of the error on the frequency shifts.
Each realisation of the LS-periodogram of a given segment is cross-correlated with a realisation of the LS-periodogram of the reference segment. For the reference segment, two samples of 200 realisations are drawn. The cross-correlation analysis between these two sets yields the error bar on the zero level of the frequency shifts. The standard deviation of the centroid values of the Lorentzian profile of the 200 fits is used as the error for the shift of the p modes, while their mean is used as the value of the shift. The value B = 200 was chosen, because it is a conservative number of realisations for which the variance of the estimator of the error is small compared to the variance of the distribution of the centroid values of the frequency shifts. Hence, the standard deviation of the 200 centroid values is a reliable estimate for the error on the measured frequency shifts. 
Consistency check with BiSON data
For a consistency check of our method, we analysed data from the BiSON network (Davies et al. 2014) . The time series encompasses the period from 1985-2014, covering about two and a half solar cycles. Fig. 3 depicts the frequency shifts and the associated 1-σ error bars as black data points. The monthly sunspot number is shown as a continuous red line (boxcar smoothed over seven months). It is scaled to match the amplitude of the variation of the p-mode frequencies in this figure. In this case, we set the length of the segments to 200 days and the step length to 100 days in order to increase the clarity of the plot by reducing the number of data points. We selected the frequency range between 1800-3800 µHz for the cross-correlation of the periodograms. The frequency shift closely follows the sunspot number, a proxy of solar magnetic activity. For the amplitude of the solar p-mode frequency shift we find a value of 0.62 ± 0.06 µHz. This is in agreement with previous investigations of the p-mode frequency shifts obtained with the cross-correlation method using BiSON data (Chaplin et al. 2007b ).
Height of the mode envelope
As we are considering the temporal evolution of the frequencies of all p modes in the periodogram, we compute a proxy for the amplitudes of the p modes by measuring their excess over the background in the periodogram.
For this, we have fitted a background to each of the segments and recorded the summary statistics. We used a variant of "model F" as described in and recommended by Kallinger et al. (2014) , which consists of two Harvey-like profiles (Harvey 1985) , a Gaussian p-mode envelope, and an instrumental noise component. Following Kallinger et al., we restricted the exponents of the Harvey-like profiles to a value of 4.
Here our purpose was to study the impact of stellar activity. So, in order to isolate the activity signal of the p modes from the low frequency activity signal due to surface modulation, we restricted the fitting range to frequencies above 400 µHz. This lower limit excludes regions of the periodogram that can also contain activity signals, but mitigates problems caused by a Kepler noise feature found at 374 µHz. As the surface activity signal is excluded, we did not include a power-law to account for surface activity in the model.
To fit the model, we used the affine invariant Markov Chain Monte Carlo code emcee (Foreman-Mackey et al. 2013) . From the resulting Markov Chains we quote the summary statistics of the posterior probability distributions, which are normally distributed, as the median value and the 15.9th and 84.1th percentile to define the highest posterior density interval, i.e., the credible interval. We used the standard Gaussian form for the mode envelope:
where a is the height of the Gaussian, b is the frequency of maximum height, and c is the width of the Gaussian. In the subsequent sections, we will refer to a as the height of the p-mode envelope, or simply height.
To exclude contamination of the measured mode heights with a temporally varying instrumental noise component, which might for example arise from the quarterly satellite rolls performed by Kepler during its nominal mission phase, we checked its temporal variation for all our targets. We found that there are no considerable jumps in the instrumental noise component at the quarter boundaries of the time series we used for the analyses.
Results
Frequency shifts and background parameters
In Table 2 the peak-to-valley amplitude of the frequency shifts of all 24 stars are listed. The amplitude A was calculated as the difference between the minimum and maximum values of the frequency shifts. With the propagated error σ A , we also calculated the significance of the observed shift amplitude A/σ A , see Table 2 . The observed frequency shifts in our sample range from ≈0.17 µHz for KIC 4914923 to ≈0.95 µHz for KIC 8006161. Only one star from our sample, KIC 9955598, does not exhibit a frequency shift amplitude which is larger than the error and is therefore compatible with zero for all the segments. In the top panels of Figures B.1-B.23 the frequency shifts are plotted as a function of starting time of the segments, while in the bottom panels the temporal variation of the mode heights are depicted.
As described in Sec. 1, the temporal variation of p-mode frequencies can be a proxy for stellar magnetic activity. For some stars, the frequency shifts follow a cycle-like pattern, e.g. KIC 8379927, KIC 8760414, KIC 10644253. Yet, the available time series are not sufficiently long to draw the conclusion that we found clear evidence for a complete cycle in any of the stars of this sample.
We calculated the Spearman rank correlation coefficients ρ between the variation of the mode frequency shifts, mode heights, the granulation time scales of the background Harvey profiles, and the noise level, as well as the corresponding pvalues p for independent segments of all 24 stars. The values are listed in Tables B.1-B.24. The correlation coefficients of the frequency shifts and the mode height variations and their p-values are also given in Table 3 .
For the Sun (e.g. Pallé et al. 1990; Komm et al. 2000; Broomhall et al. 2015) and one more star, the solar-like CoRoT star HD 49933 (García et al. 2010) , the shifts in mode frequency and the variation of p-mode amplitudes are anti-correlated over the course of their magnetic cycle. For six stars from our sample, the correlation coefficient between the frequency shifts and the variation of the height of the p-mode envelope is less than −0.5 and the amplitude of the frequency shift is significant: KIC 6933899, KIC 8006161, KIC 8760414, KIC 9955598, KIC 10644253, KIC 11244118, and KIC 12258514. For these stars, the evidence for magnetic activity influencing the p-mode parameters is strongest.
There is no clear consensus in the literature, on whether the granulation and super-granulation properties are correlated with the solar activity cycle. Lefebvre et al. (2008) find no correlation between the activity level and granulation velocities or time scales in GOLF data, Muller et al. (2007) show that there is an in-phase variation of the contrast of solar granulation with the activity cycle but no such correlation for granulation length scales, Meunier et al. (2008) find smaller supergranules at cycle maximum. Since granulation has different properties for different stellar parameters (e.g. Beeck et al. 2013 ), we expect different responses by the granulation to magnetic cycles for different stars. In the case of HD 49933, García et al. (2010) showed that the variation of the granulation time scale, the photon noise, and the mode amplitudes are uncorrelated.
The correlation coefficients we present in Tables B.1-B.24 do not present any systematic correlation between the oscillation and background parameters across the sample of stars. For the two stars, which we will discuss in detail in the subsequent sections, KIC 8006161 and KIC 10644253, both of which show evident signs of magnetic activity, we find very different correlations between the investigated parameters.
For KIC 10644253, which was shown to exhibit magnetic activity by Salabert et al. (2016b) , we find that the frequency shifts are anti-correlated with the first granulation time scale with ρ = −0.71 and p = 0.07, but correlated with the second time scale with ρ = 0.86 and p = 0.01, cf. Table B. 19. The measured mode heights show the opposite behavior. It is noteworthy that for this evidentially active star (Mathur et al. 2014; Salabert et al. 2016b ) the frequency shifts are correlated with changes in the high frequency noise with ρ = 0.50, while the mode heights are anti-correlated to these changes with ρ = −0.75.
In contrast to this, KIC 8006161, which exhibits the strongest frequency shifts of the investigated sample, shows virtually no significant correlations or anti-correlations between any of the background parameters, cf. Table B .11, where the only exception is a correlation between the two granulation time scales with ρ = 0.74 and p = 0.01.
For four stars, KIC 6106415, KIC 6116048, KIC 6603624 and KIC 7680114, the shifts in p-mode frequency are strongly correlated with the variation in mode height, with correlation coefficients greater than 0.5. For magnetic activity, which is comparable to that observed on the Sun, this is not expected. As some of these stars show significant temporal variability in their p-mode frequencies as well as their mode heights, e.g. KIC 6116048, this might either be due to a dynamo in these stars, which is working differently than in the solar case, or to another mechanism influencing the oscillation parameters, e.g. temporally varying flows (Roth & Stix 2003) . Whether there is relationship between basic stellar parameters (e.g. mass, effective temperature, or thickness of the convection zone) and the correlation of seismic activity proxies as well as granulation parameters, will be investigated in a future study of an expanded sample of Kepler stars.
Stellar magnetic activity need not be necessarily cyclic in the solar sense and it might be that the variation of frequency shifts and mode heights is correlated in physical settings which are different from the solar reference case regarding e.g. differential rotation. The frequency shifts and mode heights of KIC 10018963 for example, see Fig B. 17, are moderately correlated with a correlation coefficient of 0.46. Both, frequencies and mode heights, A&A proofs: manuscript no. Paper_activity_and_oscillation_parameters exhibit significant temporal variations which might be caused by non-cyclic sporadic stellar magnetic activity.
Results for the ensemble
With this systematic investigation of the frequency shifts for a larger sample of stars at hand, we try to find relationships between the measured shift amplitudes and fundamental stellar parameters. We assume here that the observed shifts are solely due to magnetic activity. The available values for stellar radius, mass, and age are listed in Table A .1. The spectral types, effective temperatures, rotation periods, and special features, e.g. binarity, are presented in Table A .2. The references for all values we used are given below these two tables.
In Fig. 4 the measured frequency shift amplitudes are plotted as a function of effective temperature. The age of the stars is given by the colour and type of symbol: black diamonds represent stars younger than 4 Gyrs, red triangles are stars between 4-5 Gyrs, orange circles between 5-6 Gyrs, blue squares between 6-7 Gyrs, and purple asterisks are stars older than 7 Gyrs.
There are two proposed scaling models for the frequency shifts over a stellar activity cycle: Chaplin et al. (2007a) come to the conclusion that the frequency shifts are directly proportional to the strength of the activity cycle given by ∆R HK ′ , which is given by the average fraction of the stellar luminosity that is emitted in the Ca II H and K line cores. The second model, presented by Metcalfe et al. (2007) , assumes that the frequency shifts are proportional to D/I · ∆R HK ′ , where D is the depth of the perturbations and I is the mode inertia. In Figure 9 of Karoff et al. (2009) , these two models are compared as a function of effective temperature and for different stellar ages.
The here presented sample of stars does not allow us to decide between the two models. The errors on the frequency shift amplitudes are too large and the sample of 24 stars is too small. However, there appears to be a slight tendency towards greater shift amplitudes for hotter stars. This would support the scaling model by Metcalfe et al. (2007) . The outstanding exception from this is KIC 8006161, located at T eff = 5258 K and a shift amplitude of 0.95 µHz. That KIC 8006161 shows out-of-the-ordinary activity was also noticed by Karoff et al. (2013) . An expansion of our study to all stars with Kepler short cadence data of sufficient length and a reduction of the uncertainty on the frequency shifts, e.g., by peak-bagging of the periodograms of all segments, will help to shed light on the question which of the two models is the correct one. Figure 5 shows the frequency shift amplitudes as a function of the stellar ages, which are available in the literature, see Table A .1. As shown by e.g. Skumanich (1972) and recently by Salabert et al. (2016a) , the strength of stellar activity is declining over time. Both scaling models for the cycle frequency shifts include the strength of the activity cycle via the quantity ∆R HK ′ . It is the youngest star of the investigated sample, KIC 10644253, which shows the second greatest shift amplitude. Stars between 1.07-2.88 Gyrs are missing from our sample. We excluded KIC 9025370 from this plot, as its age is only poorly determined. From Fig. 5 , it can be seen that the amplitude of the frequency shifts is decreasing with stellar age. Again, KIC 8006161, at an age of 5.04 Gyrs and a shift amplitude of 0.95 µHz, is the exception.
In Fig. 6 the shift amplitudes are plotted as a function of rotation period. Only 15 stars of the sample have measured rotation periods. As the rotation period is linked to the strength of stellar activity (e.g. Skumanich 1972; Wright et al. 2011) , it is straightforward to assume that also the frequency shift ampli- Colour and symbol coding: black diamonds represent stars younger than 4 Gyrs, red triangles are stars between 4-5 Gyrs, orange circles between 5-6 Gyrs, blue squares between 6-7 Gyrs, and purple asterisks are stars older than 7 Gyrs. tudes decrease with increasing rotation period. We note that once more KIC 8006161, found at P rot = 29.79 days and a shift amplitude of 0.95 µHz, appears to deviate from the behaviour of the remaining sample. Indeed, even though the sample now consists of only 15 stars, there is a trend towards smaller shift amplitudes for longer rotation periods. (García et al. 2014a ). This star shows the most significant and greatest frequency shifts of our sample with A/σ A =4.23. The variation of the p-mode frequencies in the range between 2800-4400 µHz is shown in the top half of the top panel of Fig. 7 . From the zero level at the beginning of the time series, the mode frequencies increase by ≈0.95 µHz until the end of the time series. The error bars on the frequency shifts, which result from our resampling approach described in Sec. 2.2.1, are only of the order of ≈0.1 µHz. This small error is due to the narrow width of the p modes in the LS-periodogram of KIC 8006161 and the broad frequency range where modes can be detected. The shifts reach a local maximum at around day 350, followed by a brief decrease. The shifts then increase again towards the end of the time series. This behaviour is reminiscent of the double maximum of the Sun's activity cycle. Unfortunately, the available time series does not cover a full activity cycle of KIC 8006161. Therefore, we can only limit the cycle length to P cyc > 1147 d.
The variation of the mode heights are depicted in the bottom half of the top panel of Fig. 7 . We find a clear anti-correlation between the shift of mode frequencies and the variation of mode heights with a correlation value of ρ = −0.93 with a p value of 4 · 10 −5 . This linear anti-correlation is clearly seen in the bottom panel of Fig. 7 , where the frequency shifts are plotted as a function of height of the mode envelope. There is a slight departure from the linear relationship towards higher values of height, which correspond to a state of lower magnetic activity. This behaviour, albeit less pronounced, is also observed for KIC 5184732, see Fig. C.1 . As discussed before, the other parameters of the background fit show no correlations or anticorrelations, cf. Table B .11, where the only exception is a correlation between the two granulation time scales with ρ = 0.74 and p = 0.01. We therefore conclude that the observed variations in mode frequencies and mode heights are due to magnetic activity on KIC 8006161. Karoff et al. (2013) found that the S index of KIC 8006161, a measure for stellar chromospheric activity, is comparable to that of the Sun. They also found that, at the same time, KIC 8006161 exhibits an unusually low excess flux. This flux is associated with magnetic sources on the stellar surface. They argue that due to this odd combination of activity indices, KIC 8006161 might be in a minimum state of activity. Their measurements were taken between 2010 and 2012, which corresponds to Kepler quarters 4 through 15, and therefore largely overlap with the time series we used for our analyses, which encompasses Q5-17.2.
1 In the study of García et al. (2014a) , KIC 8006161 was found to be more active than the Sun. García et al. used the standard deviation of the time series, a measure of photospheric activity, to determine the activity level.
Since this star is very similar to the Sun regarding its fundamental parameters, our findings for the activity related shift of A&A proofs: manuscript no. Paper_activity_and_oscillation_parameters its p-mode frequencies, and especially the strong anti-correlation between mode frequencies and heights of the p-mode envelope, suggest that the magnetic activity on KIC 8006161 is somewhat stronger than on the Sun, following the results presented by García et al. (2014a) . For the Sun, it was shown that the amplitude of frequency shifts over the solar cycle are larger for higher frequencies (e.g. Libbrecht & Woodard 1990; Jiménez-Reyes et al. 2001; Chaplin et al. 2007b; Salabert et al. 2015) . We looked for a similar behaviour for KIC 8006161 by dividing the frequency range where p modes are visible in the periodogram into three smaller sections: a low frequencies range between 2800-3300 µHz, an intermediate range with frequencies 3300-3800 µHz, and high frequency range between 3800-4400 µHz. The results are shown in the three panels of Fig. 8 . As in the solar case, the frequency shifts increase with increasing mode frequency: the modes in the low frequency range vary by only ≈0.6 µHz, while the modes in the intermediate range shift ≈1.1 µHz. The modes in the high frequency range even shift by as much as ≈1.2 µHz. The measuring of the frequency shifts via the cross-correlation and the estimation of the error bars on them are sensitive to the mode widths and amplitudes. Due to the fact that mode widths increase with frequency and mode amplitudes follow a Gaussian envelope centred around the frequency of maximum power, the estimated error bars on the frequency shifts are smallest in the intermediate range and largest in the high frequency range (cf. Fig. 8 , Table 2 , and Régulo et al. (2016) ) The overall course of the variation of the frequencies is similar for all three frequency ranges. The characteristics of the variation for the entire frequency range are dominated by the variation of the modes in the intermediate frequency range, since these modes have the largest amplitudes and thus contribute strongest to the cross-correlation. As for the entire frequency range, the frequency shifts of these sub-ranges are strongly anti-correlated to the variation of the mode heights with correlation coefficients of -0.92 (low frequency range), -0.93 (intermediate frequency range), and -0.87 (high frequency range). This is only the fourth star for which a frequency dependence of the activity related shift of p-mode frequencies has been detected after the Sun, HD 49933 (Salabert et al. 2011) , and KIC 10644253 (Salabert et al. 2016b ).
KIC 10644253
This star has a mass of 1.13 ± 0.05 M ⊙ , a radius of 1.108 ± 0.016 R ⊙ (Mathur et al. 2014) , and an age of 1.07 ± 0.25 Gyr (model values from Metcalfe et al. 2014) . It is a G0V star (Molenda-Żakowicz et al. 2013 ) with a surface rotation rate of 10.91 ± 0.87 d (García et al. 2014a) .
The frequency shifts we found for this star follow a cyclelike pattern, see top half of the top panel of Fig. 9 , and have the second greatest peak-to-valley amplitude in our sample of stars with a value of ≈0.87 µHz. The heights of the mode envelope, see bottom half of the top panel of Fig. 9 , are strongly anticorrelated to the frequency shifts with a correlation coefficient of ρ = −0.93 and a p value of 3 · 10 −3 . This linear anti-correlation is seen in the bottom panel of Fig. 9 , where the frequency shifts of KIC 10644253 are plotted as a function of height of the mode envelope.
In their study of 22 F stars Mathur et al. investigated the long cadence Kepler time series of KIC 10644253 regarding signs of magnetic activity and activity cycles. In their magnetic proxy for this star, they found indications of two activity cycles during the first 16 quarters of Kepler data. They use the scale average variance, which is a projection of the wavelet power spectrum in a small region around the stellar rotation period onto the time axis, as a magnetic proxy. The overall magnetic activity of this star was among the highest from their sample of stars. Mathur et al. spotted the strongest peak in their cycle proxy of KIC 10644253 during Quarter 10, which corresponds to a time during day ≈400-450 for our data set. This was recently confirmed by Salabert et al. (2016b) who find a positive shift in pmode frequencies and a large stellar magnetic variability in this time period. Indeed, in our analysis the frequency shifts are at a local maximum and the mode heights are at a local minimum during this period. The local minima found in the frequency shifts before and after this maximum are also reflected in the magnetic proxy of Mathur et al. (2014) and the frequency shifts and stellar magnetic variability of Salabert et al. (2016b) .
Interestingly, we find strong positive frequency shifts and small mode heights, which indicates strong magnetic activity, during the last 250 days of the time series. This is not reflected in the proxy of Mathur et al. (2014) or in the stellar magnetic variability of Salabert et al. (2016b) . During the same time period, there is a discrepancy between the mode frequency shifts and the photometric activity proxy presented by Salabert et al. (2016b) .
There are different values for the inclination angle of KIC 10644253 in the literature. Mathur et al. (2014) state i = 43.44 ± 14.48
• , whereas Salabert et al. (2016b) find values of i ≈ 11
• derived from spectroscopic measurements 2 , i = 7 +9 −9
• derived from the stellar radius, rotation period and the asteroseismic v sin i, and i = 48 +11 −9
• derived with another value of the spectroscopic v sin i. Therefore, the inclination of the rota- tion axis of KIC 10644253 to the line of sight seems to be rather low, with a weighted average value of i = 23 ± 6
• . Due to this low inclination, it is conceivable that the regions of high activity are largely confined to the nearly out-of-sight hemisphere of the star during the last 250 days of the time series, where the discrepancy between the activity proxies are found. The global, low degree modes we use for our analyses are susceptible to magnetic activity throughout the star. Therefore, the frequency shifts and variation of the mode heights might reveal signatures of magnetic activity which are hidden to photometry based techniques like that of Mathur et al. (2014) .
Summary and conclusion
We investigated the Kepler data of 24 solar-like stars for the temporal variation of p-mode frequencies and height of the p-mode envelope. For this, we split the stars' time series into shorter segments. The shifts of p-mode frequencies were measured by using a cross-correlation analysis of the segments' periodograms. The errors on the frequency shifts were estimated with a resampling approach. This approach will be further investigated and compared to similar approaches used in helio-and asteroseismology in a future study. The temporal variation of the heights of the p-mode envelope, the high frequency noise, and two granulation time scales were measured by fitting the segments' periodograms.
We found significant variation of p-mode frequencies (above 1-σ), which can be signatures of stellar magnetic activity, during the observed period for 23 of the 24 stars of our sample. A cycle-like behaviour could be spotted in the frequency shifts of several stars (e.g. KIC 3632418, KIC 6933899, KIC 8760414, KIC 10644253). The correlation between the frequency shifts and the variation of mode heights was found to be strongly negative (below -0.5) for six stars (KIC 6933899, KIC 8006161, KIC 8760414, KIC 9955598, KIC 10644253, KIC 11244118, and KIC 12258514) . Together, the significant shift in p-mode frequencies and this anti-correlation strongly supports asteroseismic detection of solar-like magnetic activity on these stars. Due to the limited length of the time series, we refrain from assigning cycle periods to any of these stars. However, we can limit the cycle period of KIC 8006161 to P cyc > 1147 d and state that more detailed and longer observations of the respective stars with evidence for cyclic activity could shed light on the period lengths of their magnetic activity cycles. Moreover, there are hints of sporadic activity on some of the investigated stars. The frequency shifts and mode heights of KIC 10018963 and KIC 11295426 exhibit significant temporal variations which might be caused by such non-cyclic sporadic stellar magnetic activity. It is also noteworthy that the correlation of frequency shifts and mode heights is strongly negative, following the solar reference case, for only 7 out of 24 stars, and even strongly positive for a couple of stars. Whether there is something to be learned from this about the connection of stellar magnetic activity or the dynamos at work in stars slightly different than the Sun to the temporal evolution of the mode frequency shifts and the mode heights is currently subject of further investigations.
The background parameters -specifically mode heights, granulation timescales, and high frequency noise level -and the frequency shifts do not show any systematic correlation across the sample of stars. We found very different correlations between the investigated parameters for the two stars, which we discussed in detail, KIC 8006161 and KIC 10644253, both of which show clear signs of magnetic activity. It will need an expanded sample of stars with a broader range of fundamental parameters, optimally all available Kepler stars with long enough short cadence coverage, to find the cause for this varying behaviour of the oscillation and background parameters.
The star KIC 10644253 exhibited shifts in p-mode frequencies and changes of the mode heights which might be caused by two stellar cycles during the available data set, as was also recently discovered by Salabert et al. (2016b) . When compared to the activity indices of Mathur et al. (2014) and Salabert et al. (2016b) , we conclude that we found indications of stellar activity on the nearly out-of-sight hemisphere of this star during the last 250 days of Kepler observations.
For the solar-like star KIC 8006161 we were able to investigate the frequency dependence of the mode frequency shifts. We found that the shifts are larger for p modes of higher frequencies, just like in the solar case (Jimenez-Reyes et al. 1998), for HD 49933 (Salabert et al. 2011) , and for KIC 10644253 (Salabert et al. 2016b) . It is only the fourth star for which this frequency dependence of the activity related frequency shifts could be measured. KIC 8006161 is very similar to the Sun regarding its mass, age, and rotation period. It is therefore noteworthy that the frequency shifts are larger than for the Sun, even though the time series does clearly not cover a full cycle. This raises the question what sets this star's magnetic cycle apart from the Sun's cycle. Further investigation of KIC 8006161 and its magnetic activity cycle is therefore worthwhile. When examining the frequency shifts as a function of mode height there is a departure from the negative linear relationship between these two quantities for higher values of mode height. This is also observed for KIC 5184732 and raises the question whether this observed pattern is part of a hysteresis curve of the frequency shifts over a stellar cycle, similar as observed for the Sun (Jimenez-Reyes et al. 1998).
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We found that the frequency shift amplitude decreases with stellar age and rotation period. The results for our sample did not enable us to reject one of the two opposing scaling models for cycle frequency shift amplitudes by Chaplin et al. (2007a) and Metcalfe et al. (2007) , while the data seems to show a slight tendency towards the scaling of Metcalfe et al. (2007) . Notes. * If one reference is given, it applies to R, M, and age. If two references are given, the first one applies to R and M and the second to the age. References: (1) Mathur et al. (2012) , (2) Metcalfe et al. (2014) , (3) Huber et al. (2014) , (4) Chaplin et al. (2014) , (5) Silva Aguirre et al. (2015) Appendix B: Plots of frequency shifts and variations of the height of the p-mode envelope, correlation coefficients of the background model parameters and the measured frequency shifts The correlation between the presented quantities is negative with a tendency towards no correlation for larger heights.
